Retention behaviour of five aromatic hydrocarbons (from benzene to butylbenzene) was studied by reversed-phase liquid chromatography using three different columns loaded with phenyl-silica based stationary phase. Retention factor for these solutes was measured for different mobile phase compositions and its dependences on the content in organic modifier (methanol or acetonitrile) in the mobile phase were used in estimating the extrapolated values of the retention factor corresponding to water as mobile phase (k w ). The correlations between the values of log k w and the values of octanol/water partition constant (log K ow ) of the studied hydrocarbons were characterized by high correlation coefficients. A good correlation between carbon content of the stationary phases and the retention factors for the studied hydrocarbons was observed in both situations by using methanol or acetonitrile as organic solvent in the mobile phase. Also, very good correlations between the values of the water solubility of the studied hydrocarbon (log S w ) and the values of extrapolated retention factor (log k w ), for both organic modifiers, have been observed. 47.5 50.0 52.5 55.0 57.5 60.0 62.5 65.0 67.5 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 lo g k % ACN ( v/v) Benzene Tolue ne Ethylbe nzene Propylbenze ne Butylbenzene log k = α + β C o.m. C o.m.
Retention behaviour of five aromatic hydrocarbons (from benzene to butylbenzene) was studied by reversed-phase liquid chromatography using three different columns loaded with phenyl-silica based stationary phase. Retention factor for these solutes was measured for different mobile phase compositions and its dependences on the content in organic modifier (methanol or acetonitrile) in the mobile phase were used in estimating the extrapolated values of the retention factor corresponding to water as mobile phase (k w ). The correlations between the values of log k w and the values of octanol/water partition constant (log K ow ) of the studied hydrocarbons were characterized by high correlation coefficients. A good correlation between carbon content of the stationary phases and the retention factors for the studied hydrocarbons was observed in both situations by using methanol or acetonitrile as organic solvent in the mobile phase. Also, very good correlations between the values of the water solubility of the studied hydrocarbon (log S w ) and the values of extrapolated retention factor (log k w ), for both organic modifiers, have been observed. 
INTRODUCTION *
The role of π-π interactions in reversed-phase liquid chromatography (RP-LC) is essential in separation of aromatic compounds using this retention mechanism, when the stationary phase contains a phenyl or cyan moiety bound on the silica surface. 1 This type of interaction is also encountered whenever acetonitrile is used as organic solvent (modifier) in the mobile phase composition, and the solute molecule contains unsaturated or aromatic moiety. 2 These interactions * Corresponding author: victor.david@chimie.unibuc.ro may influence the selectivity of separation on both cyano and phenyl columns, but this parameter is also influenced by the nature of the organic modifier added to the mobile phase. 3, 4 In case of cyanopropyl-silica as stationary phase, polar interactions between solute dipole and cyano dipole are also involved into the retention mechanism. 5, 6 Affinity of aromatic compounds for phenylsilica based stationary phase may lead not only to the control of their separation selectivity, 7 but it may be exploited by injecting high volume of aromatic solvents for enhancing detectability in HPLC with spectrometric detection. 8 However, other studies have shown that the interaction between aromatic structures are conditioned by certain geometrical requirements, and consequently the net favorable π-π interactions are actually the result of π-σ atractions that is overcoming to π-π repulsions. 9 On the other hand, the interactions between aromatic compounds with components of the mobile phase may influence tremendously the energetic balance of the retention mechanism, and consequently the retention behaviour of the distributed species. 2 Hydration of these solutes is also a typical interaction in mobile phase, due to the π-water hydrogen-bonding, 10 which contributes to the energetics of the retention process. For example, according to the definition given by Ben-Naim, 11 the hydration free energy, considered as the free energy change associated with the transfer of the solute molecule from gas to water, calculated for two of the studied hydrocarbons, 10 namely benzene and toluene, were -4.76 and -3.01 kJ/mol, respectively. This is of the same magnitude with the free energy change associated with the RP-LC retention mechanism. 2 The aim of this study is to compare the retention of a group of five aromatic hydrocarbons on three different columns loaded with phenylsilica stationary phase for mobile phases containing two of the common organic solvents used in RP-LC (methanol, and acetonitrile). For this purpose, the functional dependences between the retention factor measured for these hydrocarbons and the organic solvent content in mobile phase were studied, and used in correlating the retention of these hydrocarbons with the characteristics of the used LC columns.
EXPERIMENTAL
The HPLC experiments were carried out with a Perkin Elmer LC system, model Flexar (Waltham, SUA), consisting of the following components: degasser, quaternary pump with low pressure mixing, autosampler, column thermostatted compartment, and variable UV wavelength detector. Data acquisition was achieved by means of Perkin Elmer Chromera CDS software. The columns used in this study and some of their characteristics are described in Table 1 . All commercial columns have been loaded with phenyl-silica stationary phase, and they were new and tested before usage according to the manufacturer specifications.
A standard mixture of benzen, toluene, ethylbenzene, propylbenzen, and butylbenzen at 100 µg/mL was prepared in methanol using pure substances. Injections of 1 µL of this mixture were used to measure the retention time of each hydrocarbon and the spectrometric detection was made at 254 nm. The chromatograpic column was kept constant at 25°C. Each experimental run was repeated three times and the average retention times were used for further calculations.
The chromatographic runs were performed using a binary mobile phase: aqueous component consisting of water and organic component (methanol or acetonitrile). For both systems the proportion of organic solvent in mobile phase composition was varied in steps of 2.5% (in the range of 50 -65 % for acetonitrile and 60 -75 % for methanol). The mobile phase for each solvents proportion was generated using pure solvents and the appropriate settings for the pump (the solvents were not premixed).
The retention factor k was calculated for each studied hydrocarbon with the formula k = (t r -t 0 )/t 0 , where the t r represents the retention time for the hydrocarbon, and t 0 represents the dead time of the separation, which was measured from the retention time of uracil under the same chromatographic conditions as applied to the studied hydrocarbons.
RESULTS AND DISCUSSION
A major parameter that influences the chromatographic selectivity for reversed-phase based on phenyl-silica stationary phase is the mobile phase composition. 12 The retention of benzene, toluene, ethylbenzene, propylbenzen and butylbenzene was studied for the two organic modifiers in mobile phase composition, within the following intervals: 50 -65% (v/v) for acetonitrile, and 60 -75% (v/v) for methanol. Their retention dependences, namely the ten-base logarithm of the experimental retention factor k versus the organic modifier content in mobile phase composition (C o.m. ), followed a linear function 13 described by the equation (Soczewinski-Snyder): The parameters α and β were calculated from linear regressions applied to the retention data obtained for each studied compound, as the dependence between experimental values of log k and C o.m. . These linear dependences that are typically obtained in reversed-phase HPLC were characterized by high correlation coefficients (r 2 > 0.9900). An example of the linear dependences obtained for the five studied hydrocarbons using Zorbax Phenyl chromatographic column and acetonitrile as organic modifier in the mobile phase composition is given in Fig. 1 . Overall, the regression parameters calculated for the studied hydrocarbons by using the two organic modifiers and the three chromatographic columns are given in Tables 2, 3 
and 4.
Two main conclusions from the experimental data are following:
In all cases the retention of studied hydrocarbons were higher for methanol than acetonitrile, added at the same volumetric concentration in mobile phase (a comparison between the dependences obtained for the two organic modifiers is depicted in Fig. 2) ; the supposition that acetonitrile impedes the π-π interaction between aromatic hydrocarbons and phenyl group from stationary phase 4 could be valid as these compounds do not contain other functional groups for being involved in other interactions with the components in mobile phase.
The three chromatographic columns showed different retention behavior for the studied hydrocarbons, which can be assigned to different phase ratio characterizing these columns (k = φ column ⋅K, where φ column represents the ratio between stationary phase volume and mobile phase volume, while K representing the partition constant for the studied hydrocarbon between mobile phase and stationary phase that is assumed to be the same for all three columns 2 ). An example is given in Fig. 3 for butylbenzene using methanol as organic modifier for the three studied columns.
The parameter α from the above dependence represents the logarithm of the retention factor of the hydrocarbon, extrapolated to a mobile phase consisting in water only (C o.m. = 0), denoted by log k w (α = log k w ). In RP-LC based on octyl or octadecyl-silica stationary phases, the value of log k w is usually correlated to the octanol/water partition constant (log K ow ), due to the similarity between the two immiscible phases, namely octanol/water system and mobile phase/stationary phase system. In our case, owing to the nature of the phenyl stationary phase, the extrapolated value of the retention factor, log k w , is expected to be correlated with the benzene/water (K C6H6/w ), 14 or toluene/water partition constant (K C6H5CH3/w ). However, the lack of distribution data on these two immiscible systems does not allow finding out such correlations. But, many studies from the literature carried out under RP-LC separation using octyl, octadecyl, phenyl or cyanopropyl-silica as stationary phase have shown that the value of log k w is almost always correlated to log K ow , due to the hydrophobic forces involved into the retention mechanism. 8, [15] [16] [17] This is convenient because there are available data, 18 both theoretical and experimental values for the system octanol/water, as indicated in Table 5 . Linear correlations between log k w and the theoretical or experimental log K ow from this table were characterized by acceptable correlation coefficients (r 2 ), which were higher than 0.9900.
Usually, the benzene/water partition constant of a distributed species (K C6H6/w ) can be related to its water solubility (S w as mole/L). 2, 14 In this study, a very good correlation between the values of log S w of the studied hydrocarbons calculated with EPI Suite computer package 18 and the values of extrapolated retention factor (log k w ), for both organic modifiers from the Tables 2-4, has been observed. An example for the Brownlee Phenyl PE column is illustrated in Fig. 4 , where correlations coefficients r 2 higher than 0.9900 can be noticed. 1 -Comparison between the retention depedences of the five aromatic hydrocarbons obtained for the acetonitrile as organic modifier in mobile phase and Zorbax Phenyl chromatographic column.
Fig. 2 -Comparison between the retention dependences of propylbenzene
for Phenomenex column and the two organic modifiers used in this study.
Fig. 3 -Comparison between the retention dependences of butylbenzene
for methanol as organic modifier and the three studied columns. As previously emphasized, the retention factor is directly proportional to the column phase ratio φ column . The volume of stationary phase involved in the retention mechanism can be correlated in a very fair aproximation with the C load (%) of the stationary phase. According to the data from Table  1 , the decreasing order of the carbon load of the three used LC columns are following: Phenomenex > Zorbax Eclipse > Brownlee Phenyl PE. The values of the extrapolated parameter log k w , as the main parameter describing the partition of hydrocarbon between the mobile phase and the stationary phase, followed this rule for all five studied hydrocarbons, and the two organic modifiers (Tables 2-4 ). Moreover, the values of C load from Table 1 are fairly correlated to the values of log k w for all studied hydrocarbons and the two organic solvents, with r 2 > 0.9000.
CONCLUSIONS
Retention study of five aromatic hydrocarbons (from benzene to butylbenzene) on three LC columns containing phenyl-silica stationary phase showed that their retention behaviour is dependent on the nature of the organic solvent (modifier) added to the mobile phase. The highest retention factor was measured for methanol compared to acetonitrile, and the calculated values of the extrapolated retention factor for mobile phase containing only water (k w ) were very well correlated to the values of octanol/water partition constants (K ow ) for the studied hydrocarbons. Also, good correlations between log k w and carbon load of the three chromatographic columns were observed for all studied hydrocarbons and the two organic solvents (acetonitrile, and methanol).
